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TRANSFORMATION OF AMINO-ACYL-S-RNA I N T O  DIPEPTIDYL- 
S-RNA BY MEANS OF A WATER-SOLUBLE CAFBODIIMIDE 

V. K. Altunina, S. N. Zagrebel'nyy, and D. G. Knorre 

I n s t i t u t e  of Organic Chemistry of t h e  S iber ian  Branch of t he  
Academy of Sciences, USSR, Novosibirsk 

ABSTRACT 2 7 7 A  'r' 
A study w a s  ca r r i ed  out of t h e  i n t e r a c t i o n  between 

s-RNA from baker 's  yeasts and t h e  acyla t ing  agent obtained 

from p-toluene sulphonate of N-cyclohexyl-N[ B-(N-methyl- 

morpholinium) 1-ethylcarbodiimide and from formylamino acids. 

It w a s  shown t h a t  under the conditions used C14-valyl-s-RNA 

i s  transformed i n t o  formylglycylvalyl-C1 4-s-RNA wi th  a 

y i e l d  of 70X. 

Under similar conditions deacylated s-RNA combines with 

7% C14-formylalanine. No i n a c t i v a t i o n  of s-RNA with regard 

t o  incorporation of C14-valine by aminoacyl-s-RNA-synthe- 

tases from r a t  liver was  noted. / & c h  

A n d e r  of works have l a t e l y  appeared which demonstrate t h a t  /189* 

an intermediate compound i n  pro te in  biosynthesis is  a polypeptide 

whose C-terminal amino-acid r ad ica l  i s  l inked by an ester bond t o  

the  3'-hydroxy group of t he  terminal adenosine of t he  c a r r i e r  ("soluble") 

r ibonucle ic  ac id  (s-RNA)(Ref. 1 - 3). Throughout t h e  growth of t h e  

* Note: Numbers  i n  t h e  margin ind ica t e  pagination i n  the  o r i g i n a l  
fore ign  t e x t  
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polypeptide chain, t h i s  intermediate compound i s  connected by i ts  

polynucleotide terminal t o  the  ribosome. 

of t h e  proper t ies  of  these  intermediate compounds and t h e i r  behavior 

during p ro te in  biosynthesis,  t he  p o s s i b i l i t y  of der iv ing  them arti-  

f i c i a l l y  from molecules o f  t h e  RNA c a r r i e r s  without using t h e  riboso- 

m a l  apparatus i s  of interest. 

t h i s  problem i s  t o  form a peptide bond between the  corresponding 

amino ac id  o r  peptide,  on t h e  one hand, and t h e  amino-acylated s-RNA, 

on t h e  o ther  hand. 

In a d e t a i l e d  inves t iga t ion  

One of t h e  poss ib le  ways of so lv ing  

Out of t h e  numerous methods of synthes iz ing  peptides f o r  t h i s  

purpose, t he  only s u i t a b l e  ones a re  those during which no chemical 

modification of t h e  s-RNA molecule i t s e l f  i s  produced, as a r e s u l t  

of acy la t ing  t h e  adenine and cytosine amino-groups of t h e  r ibose  

r a d i c a l  Z'-hydroxy groups. 

r eac t ion  i n  an aqueous so lu t ion ,  since water i s  t h e  most s u i t a b l e  

so lvent  f o r  s-RNA. Fina l ly ,  the synthesis conditions m u s t  b e  mild 

enough t o  prevent separa t ion  of the amino-acyl r a d i c a l  from t h e  s-RNA. 

It i s  a l so  des i r ab le  t o  conduct t h e  

Laboratory work has recent ly  shown t h a t  i n  an aqueous s o l u t i o n  

containing formylglycine and p-toluene sulphonate of N-cyclohexyl-N 

- [ g-(N-methylmorpholinium) 1-ethylcarbodiimide (CME-carbodiimide) , a 

compound is formed which i s  capable of  acy la t ing  t h e  amino groups of 

amino-acid esters very rap id ly  a t  room temperature and pH 6-7 -(we 

s h a l l  give t h i s  compound the  abbreviated name of acy la t ing  agent) 

(Ref. 4). The present work inves t iga tes  t he  capacity of  t h i s  acy la t ing  

agent f o r  r eac t ing  with the  NJ32 group of t h e  amino-acid r a d i c a l  of 
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aminoacyl-s-RNA, and a l s o  considers t h e  problem of t h e  degree of 

s e l e c t i v i t y  of t h i s  reaction. 

METHODS 

Formylglycine, formylalanine, and f ~ r m y l - C ~ ~ - a l a n i n e  are 

derived by Fischer 's  method (Ref.  5) from the  corresponding amino- 

acids.  

is  180,000 imp/min. *vmole. Formylglycylvaline is  derived by the  

previously described method (Ref .  6 ) .  The method described i n  Ref. 7 

i s  used t o  derive the  p-toluene sulphonate of CME-carbodiimide. 

The s p e c i f i c  a c t i v i t y  of t h e  derived f ~ r m y l - C ~ ~ - a l a n i n e  

The adenosine i s  a commercial p repara t ion  of t h e  R e a n a l  Company 

c r y s t a l l i z e d  from water (Ref. 8) and d r i ed  over P2O5. The cy t id ine  

i s  a commercial preparation of t he  Calbiochem Company (United S t a t e s ) .  

W e  produced t h e  RNA carrier from baker's yeas t  by methods described 

f o r  brewer's yeas t  (Ref. 9 ) .  

Aminoacyl-s-RNA-synthetases were made from rat  l i v e r  (Ref. 10). /190 

A l l  operations took place a t  2 - 4". 
by s c i s s o r s ,  w a s  homogenized f o r  1.5 min. i n  0.05 M KC1 (70 m l  pe r  

the livers of n ine  r a t s ) .  

of 0.05 M KC1 and centrifuged f o r  1 hr .  a t  35,000 rpm i n  the  No. 59 

r o t o r  of t h e  VAC-40 u l t racent r i fuge .  The suprasedimental f l u i d  w a s  

brought by 1 M CH3COOB t o  pH 5, and t h e  p r e c i p i t a t e  w a s  separa ted  by 

cent r i fuging  f o r  15 min. a t  5,000 rpm. The p r e c i p i t a t e  obtained w a s  

suspended i n  a g lass  homogenizer i n  30 m l  of 0.1 M tris-HC1-buffer 

(pH 7.5), and the  so lu t ion  w a s  centrifuged f o r  20 min. a t  35,000 rpm 

i n  t h e  VAC-40. 

The liver, cut i n t o  t i n y  pieces 

Then the homogenate w a s  reduced t o  180 m l  

The suprasedimental f l u i d  w a s  passed through a colunm 
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of diethyl-acetic-ether Sephadex A-25 (coarse),  0.6 x 5.0 cm, and 

balanced with 0.1 M tris-HC1-buffer of pH 7.5. 

with t h r e e  more milliliters of t he  same buffer .  The e l u a t e  w a s  

poured i n t o  test tubes, re f r igera ted ,  and s to red  a t  -20". 

be fo re  use, t h e  enzyme so lu t ion  was passed through a column of 

Sephadex 6 5 0  (coarse), balanced with t h e  same buffer .  The columetric 

r a t i o  of ge l  t o  enzyme so lu t ion  was 1 O : l .  Fractions of o p t i c a l  den- 

s i t y  not less than 10-12 a t  280 mg! (10-12 mg of pro te in  per  m i l l i -  

l i t e r )  w e r e  used as t h e  enzyme preparation. 

The c o l m  w a s  r insed  

Immediately 

I n  order t o  determine the  capacity of s-RNA f o r  enzymatically 

annexing amino-acid (acceptor activity),  0.5 mg of RNA w e r e  incubated 

with a preparation of aminoacyl-s-RNA-synthetase (1 mg of p ro te in ) ;  

0.0015 umole of C14-valine (7500 imp/min.); 2.5 umle of ATP; 

2.5 pmole of M e ;  0.25 pmle of ethylenediaminetetraacetic acid; and 

12.5 pmole of tris-HC1-buffer, pH 7.5, i n  0.5 m l  of so lu t ion  (Ref. 10). 

The reac t ion  was  stopped a t  certain t i m e  i n t e r v a l s  by adding 0.4 m l  

of a 0.5%-solution of cetyltrimethylammonim bromide (cetavlone) i n  

0.6 M phosphate bu f fe r ,  pH 6.2. 

sa l t  of s-RNA w a s  separated by centrifuging, and dissolved i n  0.3 m l  

of 2 N NaC1.  

e t h y l  alcohol. 

0.3 m l  of 2 N N a C l  and again p rec ip i t a t ed  by double the  volume of 

alcohol. 

0.5 m l  of the  so lu t ion  w a s  applied t o  t h e  t a r g e t  t o  determine i t s  

r ad ioac t iv i ty ,  while 0.2 m l  w a s  d i lu ted  with water t o  3 m l  t o  measure 

The p r e c i p i t a t e  of the  cetavlone 

The RNA w a s  p rec ip i t a t ed  with double t h e  volume of 

The N a C l  p r ec ip i t a t e  of t h e  s-RNA w a s  dissolved i n  

The s-RNA p r e c i p i t a t e  was dissolved i n  1 m l  of w a t e r ,  and 
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i t s  o p t i c a l  density a t  260 mu. These findings w e r e  used t o  compute 

the  concentration of Cl4-va1ine i n  t h e  s-RNA i n  rnv moles of Cl4-valine 

pe r  20 u n i t s  of o p t i c a l  density of s-RNA ( 1  mg). 

C14-valyl-s-RNA w a s  produced by incubating 20 mg of s-RNA i n  

20 m l  of so lu t ion ,  having the  same composition as w a s  used when de- 

termining acceptor a c t i v i t y .  

p r e c i p i t a t i o n  with cetavlone a f t e r  incubation w a s  washed t h r e e  t i m e s  

by alternate d i s so lu t ion  i n  2 N N a C l  and p r e c i p i t a t i o n  with alcohol. 

Then t h e  s-RNA w a s  dissolved i n  12 m l  of water, s e t t l e d  out  with two 

volumes of alcohol with the  addition of a 0.2 volume of 20% potassium 

acetate with pH 5.0, and t h e  p r e c i p i t a t e  w a s  d r i ed  over P2O5. 

s p e c i f i c  a c t i v i t y  of t h e  preparation obtained w a s  1600 imp/min. p e r  

20 u n i t s  of o p t i c a l  density.  

The s-RNA p r e c i p i t a t e  obtained by 

The 

The measurements of r ad ioac t iv i ty  w e r e  conducted on a BFL end- 

type r ad ia t ion  counter with a B2 radiometer. 

The formation of t he  acylating agent of formylamino-acid and 

CME-carbodiimide, and the  inves t iga t ion  of i t s  i n t e r a c t i o n  with 

nucleosides and s-RNA, w a s  conducted i n  a cell  with a loaded g l a s s  

e l ec t rode  connected by an e l e c t r o l y t i c  switch t o  a calomel electrode. 

The e lec t rodes  w e r e  connected to  an LP-58 potentiometer. 

regula ted  during the  reac t ion  by s l i g h t l y  t i t r a t i n g  the  r eac t ion  

mixture with a micropipette containing 1.0 N NaOH o r  1 N H2SO4. 

r eac t ion  proceeded a t  room temperature. A suspension of 0.2 pmole 

of CME-carbodiimide was  added t o  t h e  so lu t ion  of formy lamino-acid 

(0.2 pmole of formylglycine o r  0.05 urnole of C14-formylalanine) i n  

The pH w a s  

The 
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2 m l  of water, t i t r a t e d  t o  pH 5.0; a f t e r  5 - 10 min. t he  pH changed 

t o  6.5 - 7.0. A sampling w a s  taken from t h e  so lu t ion  t o  determine 

t h e  acyla t ing  agent concentration by t h e  method previously described 

i n  Ref. 4. A nucleoside o r  s-RNA suspension w a s  added t o  t h e  

remaining so lu t ion ,  t h e  r eac t ion  was ca r r i ed  on f o r  30 min. while 

pH w a s  kept  between 6 - 7, and then the  r eac t ion  mixture was  

analyzed f o r  t he  acy la t ion  product. 

Results of Inves t iga t ion  

The i n t e r a c t i o n  of t h e  acyla t ing  agent with adenosine and cy t id ine  

l ed ,  i n  p r inc ip l e ,  t o  the  acyla t ion  of t h e  r ibose  hydroxy groups and 

the  amino-groups of bases. The capacity of esters of acylamino-acids 

and nucleosides t o  produce a hydroxamic r eac t ion  with a n e u t r a l  solu- 

t i o n  of hydroxylamine w a s  used t o  analyze t h e  mixture f o r  formylamino- 

a c i d  ester content. This w a s  determined by s p e c i f i c  experiments on a 

sample of 2 '  (3') , 5'-di (carbobenzyloxyphenylalanyl) adenosine synthe- 

s i zed  by the  method i n  Ref. 11. 

mixture from t h e  acyla t ing  agent, which is  a l s o  capable of producing 

a hydroxamic reac t ion ,  t he  reac t ion  mixture w a s  f i r s t  passed through 

Dowex 50 x 12 i n  t h e  form of triethylammonium. In t h e  adenosine and 

cy t id ine  experiments, t h e  hydroxamic r eac t ion  wi th  t h e  eluates was  

negative,  desp i t e  t he  s u b s t a n t i a l  surplus of nucleosides as compared 

t o  t h e  acyla t ing  agent (0.05 M of  nucleoside pe r  0.003 - 0.004 M of  

acy la t ing  agent). 

In order t o  sepa ra t e  the  reac t ion  

/191 

Therefore, under t h e  conditions inves t iga ted  no 

acyla t ion  w a s  discovered with respect t o  ribose.  
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I n  order  t o  determine t h e  degree of acyla t ion  wi th  respec t  t o  

adenosine and cy t id ine  amino-groups, t he  capacity of these  nucleosides 

f o r  being absorbed i n  Dowex 50 i n  iEt form w a s  used. Thus, t h e  quanti- 

t y  of N-aminoacylnucleosides may be judged from the  o p t i c a l  dens i ty  

of t h e  r eac t ion  mixture a f t e r  passing it through a column of  Dowex 50 

(H+) and Dowex 1 (HCO3') ( to  f r e e  it from the  p-toluene sulphonate 

i o n  which i s  absorbed i n  the  u l t r a v i o l e t ) .  The experiments showed 

t h a t  t h e  o p t i c a l  dens i ty  of the  eluate i n  the  case of both nucleosides 

w a s  less than 1 Z  of the  o p t i c a l  density of t h e  r eac t ion  mixture, and 

the re fo re  t h a t  t he re  w a s  p rac t i ca l ly  no acy la t ion  of t h e  cy t id ine  

and adenosine amino-groups under the conditions under inves t iga t ion .  

These r e s u l t s  l ed  us t o  expect t h a t  aminoacyl-s-RNA acyla t ion  

m u s t  proceed only with respec t  to the  amino-group of t h e  amino-acid 

r ad ica l .  I n  order t o  a sce r t a in  d e f i n i t i v e l y  t h a t  no o ther  p a r t s  of 

t he  s-RNA were subjected t o  acylation, w e  s tud ied  the  i n t e r a c t i o n  

of t h e  acyla t ing  agent with the  s-RNA which contained no amino-acids. 

I n  these  experiments, t h e  acylating agent w a s  derived from f0rmy1-C~~- 

alanine.  15 mg of s-RNA (% 0.6 vmole) were introduced i n t o  the  

r eac t ion  with about 2 vmole of acyla t ing  agent. Af te r  t he  r eac t ion  

w a s  over, t he  mixture w a s  passed through columns with Dowex 50 x 12 

[(C2H5)3"+] and -ex 1 x 8 (F-) t o  f r e e  it from the  acy la t ing  agent 

which had not  completely reacted and from formylalanine; then t h e  

s-RNA w a s  s e t t l e d  out  by two volumes of alcohol. 

w a s  dissolved four  times i n  water and s e t t l e d  out with alcohol ( u n t i l  

t he re  w a s  no r ad ioac t iv i ty  i n  t h e  suprasedimental f l u i d ) .  Then the  

This p r e c i p i t a t e  
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3- 5 10 . 15 - 2 0 '  i r( 
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Incubation t i m e ,  min. 

Figure 1 

Kinet ic  Curves of cl4-va1ine Inclusion i n  I n i t i a l  
(Triangles) and s-RNA Treated with Acylation-Agent 
(Circles) .  
per 20 Units of s-RNA Optical Density. 

Ordinate Axis - C14-valine i n  mvmole 

p r e c i p i t a t e  was dissolved,  and i t s  r ad ioac t iv i ty  and o p t i c a l  densi ty  

were ascertained. Acylation of the unacylated RNA c a r r i e r  with 

 formylalan alanine gave the  following r e s u l t s  : 

Resultant ~1 4-formglalanine, 
RNA, mg imp/min/mg ymole/pmole of s-RNA 

of s-RNA 
15.0 
14.8 

320 
280 

0.075 
0.065 

Thus, i n  the  absence of the aminoacyl r ad ica l ,  one molecule of 

formylalanine i s  annexed p e r  13 - 15 molecules of s-RNA, i.e., an 

i n s i g n i f i c a n t  degree of acyla t ion  occurs. 

The acceptor a c t i v i t y  of s-RNA was a l s o  examined, using the 
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example of t h e  inc lus ion  of Cf4-valine a f t e r  t he  unacylated s-RNA 

w a s  t r e a t e d  with t h e  acyla t ing  agent under inves t iga t ion .  Figure 1 

gives t h e  k i n e t i c  curve of C14-valine inc lus ion  i n  s-RNA preincuba- 

t e d  f o r  0.5 h r .  a t  pH 6 - 7, with an acyla t ing  agent derived from 

formylalanine and CME-carbodiimide. It is  evident t h a t  i t  i s  

p r a c t i c a l l y  congruent with t h e  k i n e t i c  curve f o r  t he  o r i g i n a l  s-RNA 

which had no t  been exposed t o  t h e  action of an acyla t ing  agent. 

These experiments demonstrate t h a t  t h e  acy la t ing  agent under 

inves t iga t ion  touches hardly any sec tors  of t h e  s-RNA molecule which 

lack  t h e  aminiacyl r ad ica l ,  and does not  a f f e c t  t he  func t iona l  

a c t i v i t y  of s-RNA. 

To study acyla t ion  with respect t o  t h e  amino-group of t he  amino- 

ac id  r a d i c a l  bound t o  the s-RNA, 3 - 5 mg of  C14-valyl-s-RNA was  

introduced i n t o  a r eac t ion  mixture containing an acyla t ing  agent 

derived from formylglycine and CNE-carbodiimide. 

of t h e  reac t ion ,  t h e  s -RNAwas  s e t t l e d  out  while cold by adding 

0.3 m l  of 1 N HC1. 

and again s e t t l e d  out  with 0.15 m l  of 1 N HC1. 

then dissolved i n  0.01 N NaOH and kept at room temperature f o r  1 h r .  

Thus, both t h e  non-acylated C14-valine and t h e  formylglycyl-C14- 

va l ine  which w a s  formed should have been e n t i r e l y  eliminated. 5 mg 

of va l ine  and 4 mg of formylglycylvaline w e r e  added t o  the  so lu t ion  

as car ry ing  agents, a f t e r  which the so lu t ion  w a s  a c i d i f i e d  t o  pH 5, 

and s-RNA w a s  p r e c i p i t a t e d  by adding two volumes of alcohol. 

s-RNA p r e c i p i t a t e  contained no measurable amount of r ad ioac t iv i ty .  

A po r t ion  of t h e  suprasedimental f l u i d  w a s  passed through a column 

Af ter  completion 

The p r e c i p i t a t e  w a s  suspended i n  1.5 m l  of water, 

The p r e c i p i t a t e  w a s  

The 

9 
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of Dowex 50 x 12 (w), 1 x 15 cm, i n  order t o  separa te  the  va l ine ,  

and t h e  r ad ioac t iv i ty  of t he  formylglycylvaline i n  the  e lua t e  w a s  

measured. Therefore, t h e  va l ine  w a s  e lua t ed  from the column with 

1 N ammonia, and the  va l ine  r ad ioac t iv i ty  w a s  determined i n  the  e lua te .  

The r a t i o  of t he  t o t a l  r a d i o a c t i v i t i e s  of both f r ac t ions  d i r e c t l y  

gives t h e  r a t i o  of t h e  acylated va l ine  t o  t h a t  which d i d  no t  e n t e r  

i n t o  reaction. The Table gives the r e s u l t s  of these  two experiments 

toge ther  with those of two con t ro l  experiments. 

t h e  C1 4-valyl-s-RNA w a s  introduced i n t o  a so lu t ion  of CME-carbodiimide 

a t  pH 6, without f i r s t  adding formylglycine, and i n  the  second - i n t o  

a mixture of 0.1 M formylglycine and 0.1 M CME-urea derived by cata- 

l y t i c  hydration of CME-carbodiimide i n  an ac id  medium. 

I n  one of them, 

From these  d a t a  it is  apparent t h a t  i n  the presence of an 

acyla t ing  agent, 70% of the  valine bonded with the  s-RNA i s  acylated 

by formylglycine with t h e  formation of  dipeptide.  

Some of t h e  so lu t ion ,  obtained a f t e r  hydrolysis of aminoacyl- 

s-RNA and dipeptidyl-s-RNA and a f t e r  addi t ion  of t he  carrying agents, 

w a s  subjec ted  t o  paper chromatography i n  the  (n) bu ty l  alcohol-acetic 

acid-water system (4:l:l).  

atmosphere, developed with a so lu t ion  of 1% K I  and 1% s t a r c h  (Ref. 12), 

and cu t  into l i t t l e  s t r i p s  t o  check t h e  r ad ioac t iv i ty  i n  them ( s ince  

the  a i m  was q u a l i t a t i v e  i d e n t i f i c a t i o n ,  no correc t ion  w a s  introduced 

f o r  self-absorption by t h e  paper). Figure 2 presents  t he  r e s u l t s  of 

t h e  experiment. It i s  apparent t ha t  two p r inc ipa l  rad ioac t ive  peaks 

w e r e  obtained which coincide with the spots  of va l ine  and 

The chromatogram w a s  exposed i n  a Cl;! /193 
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S e p e n t  

Figure 2 

Chromatogram Radioactivity P ro f i l e  of C14-valine and 
C1 4-formylglycylvaline Derived by Separation from 
C14-valyl-s-RNA a f t e r  Treatment of t he  Latter by an 
Acylating Agent. 

I192 

I - Valine; I1 - Formylglycylvaline. 

formylglycylvaline on the  chromatogram, i.e., p r a c t i c a l l y  a l l  of 

the  rad ioac t iv i ty  i s  contained precisely i n  these compounds. 

1193 

Discussion of Results 

Our research has shown t h a t  t h e  unstable  acyla t ing  agent formed 

i n  the  in t e rac t ion  of CME-carbodiimide and formylamino-acids possesses 

a highly s p e c i f i c  acyla t ing  ac t ion  with respect  t o  the  aminoacylated 

RNA carrier. It gives a good y i e l d  i n  acylat ion of t he  amino-group 
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CONTENT OF C 1 4 - V ~ I N E  AND C14-FORMYL,GLYCYLVALINE I N  s-RNA 
AFI'ER INCUBATION OF C14-VALYL-s-RNA WITH AN ACYLATING AGENT 

Composition of reac t ion  
mixture i n t o  which E l u a t e  r ad ioac t iv i ty  

carbodiimide he ld  f o r  
5 min. a t  pH 5 
( acy 1 a t  i n g  agent ) 

The same 

(2%- carb odi imi de 

ammoniacal 

3012 

1186 

---- 

1267 

520 

1610 

1458 

Yield of acy la t ion  
product, X 

70.4 

69.9 

0 

0 

of t h e  amino-acid r ad ica l ,  and hardly touches t h e  remaining sec to r s  of  

t he  molecule. The annexation which w e  found of one formylalanine 

r a d i c a l  pe r  1 3  - 15 molecules of s-RNA may be explained e i t h e r  by t h e  

i n s i g n i f i c a n t  quant i ty  of amino-acids f i rmly  bonded t o  s-RNA, o r  by 

r eac t ion  with any one of t he  r a r e  bases contained i n  the  s-RNA molecules. 

This matter requi res  s p e c i f i c  study. 

The s p e c i f i c  acyla t ion  of t h e  amino-group of t he  amino-acid 

r a d i c a l ,  bonded t o  s-RNA, i s  described i n  Refs. 1 3  and 14, where 

N-carboxyanhydrides of  amino ac ids  w e r e  used f o r  t h i s  purpose. 

method described i n  those papers, however, makes i t  poss ib le  t o  

der ive  only homopolymers of unregulatable chain length i n  a form 

bonded with s-RNA. 

poss ib l e  t o  produce peptidyl-s-RNAwith a pept ide  of a prescribed 

The 

The method which w e  are proposing makes i t  

12 
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c 

s t r u c t u r e .  I n  t h e  present work, only dipeptidyl-s-RNA has been 

synthesized, bu t ,  as shown i n  our previous work (Ref. 15), 

CME-carbodiimide may be used t o  acylate amino-acid esters, not 

only wi th  formylamino-acids, bu t  also with formylpeptides. I n  

t h e  lat ter case, even higher y i e lds  are successfu l ly  obtained. 

Thus, t h e  method may prove t o  be f a i r l y  universa l .  

Conclusions 

It has been demonstrated t h a t  t h e  unstable acy la t ing  agent 

formed i n  t h e  i n t e r a c t i o n  of p-toluene sulphonate of N-cyclohexyl-N 

- [ B- (N-methy lmorpholini mu) 3 -ethyl carb odi imide with formyl amino- 

ac ids  is  capable of acyla t ing  the aminoacyl r ad ica l  bonded with 

c a r r i e r  r ibonucle ic  acid. 

obtained from C14-valyl-s-BNA with a 70X y ie ld .  

Formylglycyl-C1 4-valyl-s-RNA i s  

It has been demonstrated t h a t ,  under t h e  conditions used 

f o r  acy la t ing  the  amino-group of t h e  aminoacyl r a d i c a l ,  n e i t h e r  

acy la t ion  of r ibose  hydroxyls nor of cytosine and adenine amino-groups 

takes place,  and the re  i s  p rac t i ca l ly  no acyla t ion  of  t h e  s-RNA 

f reed  from t h e  terminal amino-acid r ad ica l .  It has been demonstrated 

t h a t  under these  conditions no reduction i n  s-RNA acceptor a c t i v i t y  

occurs. 
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